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ABSTRACT
Thermal conductivity, electrical resistivity, Lorenz
ratio, and the thermopower data are reported for a specimen
of Fe-22Cr-13Ni-5Mn stainless steel in the furnace brazed condi-
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Design and development engineers in the aerospace industry
continue to have urgent need for thermal and mechanical property data
for new materials. For most materials, especially new or uncommon
alloys, measured values of thermal conductivity are not available and
predictions cannot be made with adequate confidence. To help satisfy
these needs, we have constructed an apparatus for the simultaneous
measurement of thermal conductivity, electrical resistivity, and
thermopower. Measurements have been conducted on several aerospace
alloys, Hust, et al. [ 1] Another phase of this program, to establish
standard reference data on several standard reference materials, has
begun. We intend to measure several specimens of materials which
appear to be useful as standards. Also we plan to occassionally mea-
sure other aerospace alloys, as we have done here, to satisfy specific
need in the industry. This paper contains the results of our measure-
ments on the transport properties of Fe-22Cr-13Ni-5Mn stainless steel.
2. Apparatus and Data Analysis
The apparatus is based on the axial one-dimensional heat flow
method. The specimen is a cylindrical rod 11.3 mm in diameter and
23 cm long with an electric heater at one end and a temperature con-
trolled sink at the other. The specimen is surrounded by glass fiber
and a temperature controlled shield. Eight thermocouples are mounted
at equally spaced points along the length of the specimen to determine
temperature gradients in the range 4 to 300 K.
The experimental data are represented by arbitrary functions
over the entire range and smooth tables are generated from these func-
tions. The number of terms used to represent each of the data sets is
optimized, through the use of orthonormal functions, so that none of the
precision of the data is lost by underfitting nor are any unnecessary
oscillations introduced by overfitting. A detailed description of this
apparatus and the methods of data analysis was given by Hust, et al. [ 1]
3. Specimen Characterization
The specimen was cut from a nozzle in the triple brazed condi-
tion. The furnace brazing cycles are given in table 1. The hardness
is Rockwell B55. The grain size varied from 0. 01 mm at the center
of the rod radially to 0. 07 mm at the outside surface. The composition
in weight percent of this material is as follows:
Cr= 21.48, Ni = 12. 36, Mn = 5.44, Mo = 2. 12, Si = 0. 42, N = 0. 27,
V = 0. 20, Nb •= 0. 19, C = 0. 05, S = 0.01, and Fe = balance.
4. Results
The transport properties of a specimen of Fe-22Cr-13Ni-5Mn
stainless steel were measured in the thermal conductivity apparatus.
These data are presented in tables 2 and 3.




P = b UnT]1"1 (2)
£ .
Ci UnT.'l/T'; T'= -^ + 1 ( 3 )
where ^ = thermal conductivity, p = electrical resistivity, S = thermo-
power, and T = temperature. Temperatures are based on the IPTS-68
scale above 20 K and the NBS P2-20 (1965) scale below 20 K. the
parameters, a., bp and c^, determined by least squares, are presented
in table 4. The deviations of the experimental data from these equa-
tions are given in tables 5 through 7 and in figures 1 through 3. The
horizontal bars in figures 2 and 3 indicate the temperature span across
the specimen for each run. The "observed" thermal conductivities
are computed from the mean temperature gradients indicated by adja-
cent thermocouples. Calculated values of X, p, and S, and L,= p^/T
(Lorenz ratio) are presented in table 8 and in figures 4 through 7.
A detailed error analysis for this system has been presented
previously by Hust, et al. [1] Based on this analysis of systematic
and random errors the uncertainty estimates (with 95% confidence)
are as follows:
thermal conductivity: 2. 5% at 300 K, decreasing as T to
0.70% at 200 K, 0. 70% from 200 K
to 50 K, increasing inversely with
temperature to 1. 5% at 4 K.
electrical resistivity: 0.25%
thermopower: 0. 5% + 0. 2 p, V/K at 4 K, 0. 2% +
0. 5 (jiV/K at 30 K, and 0. 1% +
0.3 M-V/K above 76 K.
The thermopower values given here are absolute values although
our measurements were carried out with respect to normal silver wire.
The absolute thermopowers of normal silver reported by Borelius,
et al. [ 2] were used to convert the experimental data to the absolute
scale.
5. Discussion
This aerospace alloy is primarily a lattice conductor similar to
other alloys measured by Hust, et al. [ 1]. The lattice component
for this steel is about twice the electronic component near the peak
in the Lorenz ratio. A component separation as described by Hust,
et al. [3] to determine the lattice conductivity has been done. The
resulting lattice conductivity will be compared to other alloys in a
subsequent report.
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TABLE 1. FURNACE BRAZING CYCLES
FOR Fe-22Cr-13Ni-5Mn STAINLESS STEEL
CYCLE NUMBER 1
A. Total Time Above 531°C:
B. Approximate Heating Rate from 38°C to 980°C:
C. Total Time Above 980°C:
D. Maximum Temperature:







A. Total Time Above 531°C:
B. Approximate Heating Rate from 531°C to 930°C
C. Total Time Above 930°C:
D. Maximum Temperature:







A. Total Time Above 531 °C:
B. Approximate Heating Rate from 531°C to 870°C:
C. Total Time Above 870°C:
D. Maximum Temperature:






Note: All times and temperatures approximate.
Bar is initially solution annealed at 1120°C.
Notes Relating to Tables
Table 2
The data listed are, in part, card images of experimental data as
read into the computer for data processing. These data are not clearly
labelled. The following is a line by line explanation of these tables:
1st line - Data identification.
2nd line - Thermocouple emfs (M-V).
3rd line - Seebeck emf (|j,V), specimen current (mA), specimen
voltage drop (M-V).
4th line - Sample heater voltage (M-V), current (mA), platinum resis-
tance thermometer voltage (p-V), platinum resistance ther-
mometer current (mA),' cryogenic bath pressure (mm of Hg),
room temperature (°C), code indicating type of cryogenic
bath (1 = liquid helium, 2 = liquid hydrogen, 3 = liquid ni-
trogen, 4 = dry ice-alcohol, 5= ice-water).
5th line - Thermocouple temperatures (K).
6th line - Heater power (W), reference temperature (K), specimen
resistance (fi).
Table 3
The data listed are, in part, card images of experimental data as
read into the computer for data processing. These data are not labelled
clearly. The following is a line by line explanation of these tables:
1 st line - Data identification.
2nd line - Platinum resistance thermometer voltage (M-V), cryogenic
bath pressure (mm of Hg), room temperature (°C) , platinum
resistance thermometer current (mA), code indicating type
of cryogenic bath (1 = liquid helium, 2 = liquid hydrogen, 3 =
liquid nitrogen, 4 = dry ice-alcohol, 5 = ice-water), speci-
men current (mA), specimen voltage (|AV), mean emf of
eight thermocouples (M>V).
8
3rd line - Reference temperature (K), specimen resistance (Q),
specimen temperature (K).
Tables 5 through 7
These data are semi-processed computer output. Temperature is
Kelvin, thermal conductivity is in Wm""1 K"1 , electrical resistance is in














































CM JR *~. r-' ui
- 3 *
X Ul «/> o
o' -Ul •
_iin en r- ac CD
ui • in
ui •» z o




«^ . on *—3o .<<
^c ^v ^o oc
ac ODO a. CD
o in<o I K>
U. • . Ul O
000 CM»- .
< in — • toon «•t- . — uiinui
•— o oac ui
— ooui u.
> a> -t- a, —ui
— CM oon t met:i- . o . uj CM
CJO — CM»- •
u>
















o in o Em
u. • . ui oin oo a»i- .
^ r~ — • mm «•
»— . — uif— ui
<«c *n ac . t-i
oca 5an2
S uiu.
—• CM O — C — (
t— . O .Ul oOCM — in*-
an
ui ac





_!••• a> artac —UICM . — «•





CM —UJg — o a, <•• o Z i
ui o o cn»—




So 3 O oino«to. >
: — ma: .uir-











oc t in into
x • CD tnoCM • uj •
_jm r- CM ocr-
ui CM to
UJ CM Z«
f- t UJ —in to jc •
tn to en t_>












•c ^ — CM in en eni- .— cMUjenuj —
t— o o ac uj
— ooUJ U.
-So^Ceoa?

























: to—CM into en
• . —CM UJ— UJ —
»-CMUJ
>- •< a:
— 00 Ut U.
» a .r- a. en uj
—. — OCM X o &Tt- . o . uim

























en t_>in —in .
uito -o.
_jcn —1/1






< to — CMtn ^ <
»- . — cvjuir- ui-





iDCMifi or- a. •
7 • a m o co ac co
£ o fb£ -UIS
S
•.r- . r- uj
en «• to iij
& cotntnr- •—• oin tn o
in to X
tn co vot_»in . — uj
uito . a.
_jen totnZ to o <«
UJ
'$ S§
S r- en a, r*-mio x —
to >- to uj
>- << act— o oa: uj
— o oUJ u.
> e» -CMO.tnuj
— too —X mac
»- .a .ujou co— — i- .
g« ^y18*^
«_» «• o 3 O O
otomotoo. •
-J CD • — 4.» 9 (M7 . — coocnac o




















_i o — CM oc en
uj en * r- w*
UJ *n Z CM
•- «• UJ —
«/» «J> X •
CM — —• —in *•  O
IA • CO Ul
_j —
Z CO
en CM O, en> tnt* fr-
• • UJCO
CMCM — o t- .t~ — cMt/t— en
• — CMujm uj —
«J> »-in uj
>- < Ac
t- o OOC UJ
— o oUJ U.
;:ro8!%-«Y
ys-s"*Qin ujin oc









x • r- «/»
en .uj i
_i— eo enoc CMUJCM -co < j>
uj — w* Z ^t





«• eo voi- .i — — </t r- en





















Ci en • •<
< en (MacCM in ujS S~ ft 15
U. . . UJ —
u> votn *• •- •
< r- — to tn o u>
»- . — >o uj r- uj i1-
',& Z
I fi? *S
o en o p o o
u> u> o e5 «* a. i
5""oS«Ka£
S^TSiw^X







uj — — Z •





































ui— CM — zw»i- «• GCM






















»- It/» — r- <
ai
4 a» <M«« wten o
S








^5 <nisa - 2
« CM








r- CD • oui
•«r» CM — o














S f^o CMCL>~-oocn X <•
^««CMW> •»»!?
•< cnmcni/iot CM



























^ co — tnij




uj — CM zat- CM uj«nin »0 i: .in en •-»-




'f «=» CM 0. CO
' en «• Z a
CM W en a £ *!
cn>ncM</>r- CM
o en —r- »-3 en <•
QCM








r- r- . CM uj
.— tn eno
U>CM CM' CM Z
CM <
S»*in
uj en - CD tf>







t- . •- u»uj — uien
>m -3 ck o»uj
»oo4Z aft?t- .«> . ujm
ocn — —t- •
«-» *•• |J> 5 o acD«nr- 01- a. •











co c> r~ mm
ui *• m —~e»
u. • en en o
r- .ui •
_i*« en OBOC en
uim CJB en
ui — CM zm
>- CM ui*r
"V ,«* .S-
en m OB «_»
en - in ui
mm mo:
o • CMI—
g en oen ^
u. • • ui«•




u «» r- 5 o o
«• a>coo«»a. i
.j CM .r~ or~ uj7 • — u> 5oac on
£ >- *• in c -uicn
ce OB i «• a: ^» »— —
uj m ujr- ^ .X XCMUJ —






















g So CMO. <•
< m«» OB encM tni- . — en uj co ui r-





= — ujr* ocg«MUI5O *»in a. i
en
— tn m
• *• m en e.>
OB CM CMZ
tttaoUjr- — intn
_i <• en OB acm
ujm . ce a
ui en CM Z^







^ in ^ - _. .-
•- • — cnuicBuir-
SS S5-^~
> — .o a. — ui
— o or- X ma:
. m eni— ujr- ac
«_> cnu> 5 o o10 r- r- oma. *
^en -r- V** tb
£STJSS"£2
uj m ujr- <« .£ *"*-
15
Table 3. Basic semi-processed isothermal electrical resistivity data for
Fe-22Cr-13Ni-5Mn stainless steel
No isothermal electrical resistivity data recorded.
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Figure 5. Electrical resistivity of Fe-22Cr-13Ni-5Mn stainless steel
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Figure 6. Lorenz ratio of Fe-22Cr-13Ni-5Mn stainless steel
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